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1.0 INTRODUCTION

1.1 SITE DESCRIPTION

1.1.1 Site Name and Description

Rocky Flats Environmental Technology Site (RFETS), a 6,550 acre industnal reservation
1S located 1n northern Jefferson County, Colorado RFETS les on two major geological
umuts unconsolidated surficial units (Rocky Flats Alluvium, various terrace alluvia, valley
fill alluvium, and colluvium) underlain by Cretaceous bedrock (Arapahoe Formation,
Laramie Formation, and Fox Hills Sandstone) Groundwater moves under confined
conditions 1n surficial and shallow bedrock umits Additionally, confined groundwater
flow occurs 1n deeper bedrock sandstones Surficial soils are predominantly moderately
deep to deep, well-draned clay loams of moderate to low permeability (Final Phase II
RCRA Factlity Investigation Remedial Investigation, Work Plan [Alluvial], U §
Department of Energy, Rocky Elats Office, Golden, Colorado, 29 February 1991)

1.1.2 History of Operation

From the md-1950s to the present, RFETS has been a government-owned (U S
Department of Energy [DOEY), contractor-operated facility that fabricated nuclear weapon
components from plutonium (Pu), uramum (U), and other non-radioactive metals
(principally beryllium (Be) and stainless steel) Plutonium was also recovered 1n the
facility when 1t reprocessed components after they were removed from obsolete weapons

1.2 WASTE STREAM DESCRIPTION
1.2.1 Production Wastes

Radioactive and nonradioactive wastes were generated in the production processes Plant
waste handling practices involved onsite and offsite recycling of hazardous matenals,
onsite storage of hazardous and radioactive muxed wastes, and offsite disposal of solid
radioactive matenals at other DOE facilittes In the past, hazardous, radioactive, and
radioactive mixed wastes were stored onsite Primary assessments under environmental
remediation programs have 1dentified some of these storage and disposal locations as
potential sources of environmental contamination

1.2.2 Pollutants/Chemicals

The 903 Pad, located on the south eastern side of the plant, 1s a portion of Operable Unit
No 2 (0OU2) and covers an area 113 meters wide by 120 meters long In 1958, waste
drums were stored at thus location Contamnated soul was first discovered in 1964 1n an
area where 210 liter drums of plutomum-laden lathe coolant o1l were stored. The drums
contained cutting o1l and carbon tetrachlonde contaminated with plutontum and uranium
cuttings from nuclear weapons components machining operations



., HGMS Soil Document Number RF/ER-94-0021 UN

Treatability Section 10, Rev 0
Study Page 20f3
]»/ 7 g Aule s vl .o 7 e L

{ Y ated s v

P
= -
/ “ y - - L/b F) < . o T - BRI

(By 1968, all of the drums had been removed, processed, and shipped offsite for disposal
The contamminated area was covered with a pad consisting of successive layers of fill durt,
gravel, and a final layer of asphalt) The level of contamination 1n the soil ranged between
2,000 to 300,000 disintegrations per munute (dpm)/100 square centimeters (cm2), with
penetration depths of 3 t0 20 cm The plutonium metal was onginally deposited as fine
metallics It oxidized into PuO2 1n the environment The average size of the PuOp
particles was 0 2 mucrons (Soil Decontamunation Cniteria Report, ] A Hayden, et al,
Rockwell International, November, 1990)

1.2.3 Treatability Study Background

Thus study was undertaken to evaluate the effectiveness of High Gradient Magnetic
Separation, HGMS 1n removing actimides from RF-OU2 soils A treatability study was
conducted by LESAT (Plutonium 1n Soils Treatability Studies, RF-OU2, T K Wenstrand
and T M Murarik, Lockheed Environmental Systems and Technologies Co, Sept 30,
1993) to evaluate the effectiveneéss of the TRUclean gravity separation process 1n removing
activity from RF-OU?2 soils Thus report describes all aspects of the Physical Separation
Treatability Test, including operating features of the TRUclean process Because of the
appropnateness of HGMS i treating small particle contamination, a residue from the
TRUclean process was selected for HGMS evaluation (Sample 6 1n the above referenced
report) The HGMS technology 1s viewed as a natural complement to soil washing and
gravity separation.

1.3 TREATMENT TECHNOLOGY DESCRIPTION
1.3.1 Treatment Process, Description, and Operating Features

HGMS 1s a form of magnetic separation in which large magnetic field gradients are used to
separate mucron sized paramagnetic particles The HGMS separator consists of a high-
field, superconducting solenoid magnet, where the bore of the magnet contains a fine
structured matrnix matenial  The matnx matenal (usually ferromagnetic) locally distorts the
magnetic field and creates large field gradients 1n the vicinity of the matrix elements These
matnx elements become the trapping sites for both paramagnetic and ferromagnetic
particles When the field gradients are sufficiently high , weakly paramagnetic particles can
be physically captured and separated from diamagnetic host materials Because most
actimde compounds are paramagnetic, magnetic separation of actimide contaiming mixtures
1s feasible . # vl S ettt S (T at)
P s e fTMEG [ /
The application of HGMS nvolves passing a slurry of the contamunated muxture through a
magnetized volume Ferromagnetic and paramagnetic particles are extracted from the slurry
,/ by the ferromagnetic matrix while the diamagnetic fraction passes through the magnetized
/ volume The magnetic fraction s flushed from the matrix later when the magnetic field 1s
reduced to zero or the matrnix i1s removed from the magnetized volume The actinide
’ containing concentrate can then be processed for disposal
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The shurry was pumped through the magnetic matrix using a peristaltic pump at constant
flowrate Feed slurry homogeneity was mamtained using a muxer at the pump nlet Back-
flushing of the magnetic matrix was done at zero magnetic field and with the flow direction
reversed Feed backflush and multipass effluent samples were analyzed for contaminant
concentration Samples are analyzed for plutonium concentration using alpha
spectroscopy

1.4 Previous Treatability Studies at the Site

In addition to the LESAT Report, another soils treatability study was reported mn August,
1994 entitled, “Rocky Flats Plant Soil Treatment Bench-Scale Treatability Studies (Nuclear
Remediation Technologies Division, General Atomics-San Diego, Califorrua, GA-
C21818) Thus study reported on prehmunary charactenization, flotation/atmtion scrubbing

tests, and leaching tests { N o r//c// s
/
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2.0 CONCLUSIONS AND RECOMMENDATIONS

2.1 CONCLUSIONS

This physical separation, soul treatability study evaluated the effectiveness of using High
Gradient Magnetic Separation, HGMS to treat TRUclean process residues for removal of
actiides Several separator operating parameters including superficial velocity, apphed
magnetic field and matrix packing density were systematically investigated along with
various pretreatment protocols The pretreatment protocols mcluded pH adjustment,
surfactant vanation and organic destruction using an oxidizing agent, H202

g I
, oot A

The objective of any physical separation process 1s to concentrate the most contarmnant 1nto
the smallest fraction of the'feed Therefore, results which show high separation
efficiencies along with high mass fractions in the contaminant stream are undesirable. Thus
study showed that HGMS can achieve significant separation of actimdes from the
processed soil residues investigaled A concentration of 51% of the activity in only 2% of
the feed was achieved based on analysis of the feed and effluent

2.2 RECOMMENDATIONS
2.2.1 Additional Studies

In view of the large number of parameters affecting the HGMS process and the complexity
of the evaluation procedure, resuits from thus 1mtial study should be viewed as preliminary
Time was not available to repeat those particular runs n this study which demonstrated

significant separation or to conduct additional tests based on conclusions reached at the end

of this evaluation

Additional studies that focus on the operating regime and pretreatment protocol of choice
for this application are necessary In conjunction with the LANL analytical model of the
HGMS process, these additional data will form the basis for the scale-up to a prototype
system

HGMS 15 an effective physical separation process for removing small particle
contamunation (<100 pm) Most soil washing methods are only effective on particles
greater than 50 to 100 um. Although these traditional treatments can be effective 1n
removing large particle contamination, their application frequently transports a significant
portion of the contamunant mto the fines Once there, the contamnant 1s more difficult to
remove and frequently requures a costly chemical treatment to reach remediation targets As
shown by this study, HGMS can be effective mn treating the fines by physical separation
and offers the potential to treat the bulk of the contaminated sod using physical separation
methods HGMS has been demonstrated on an industrial scale 1n the processing of kaolin
clay and 1s cost effective 1n treating large volumes of matenal to remove small amounts of

contaminants
~
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3.0 TREATABILITY STUDY APPROACH

3.1 TEST OBJECTIVES AND RATIONALE

Magnetic separation has been shown to be effective at removing small particle size
contamunants (<50 pm) from simular small s1zed particle slurnes Because of thus,
magnetic separation 1s thought to be a compatible technology with soil washing which 1s
appropnate for treating larger particles (>50 um) Frequently, treatment of the larger
particles using conventional technologies results mn migration of the contamnant to a
smaller s1ze fraction of the waste stream Consequently the fines are usually enniched by
the contaminant. Magnetic separation 1s one of the few physical separation processes that
1s capable of treating thus fine fraction As a result, a treated waste stream residue was
selected as an appropriate feed matenial for the magnetic separation treatability study The
thickener underflow from the LESAT processing circuit (<150 wm) was eventually
selected Activity levels of thus matenal ranged from 100 to 144 pCi/g The matenal was
sieved using a 325 mesh screen te less than 53 yum

The objective of the treatability study was to evaluate the effectiveness of HGMS 1n
removing actimde contamuination from the LESAT treatment residues Table 3 1-1
summarnzes the experiment seres by run

The objectives were as follows

Senies 1 (Runs 701-705), Explore sensitivity to magnetic field Determune the
effect of concentration of sodium hexametaphosphate and the mfluence of
superficial velocity on separation performance

Senes 2 (Runs 706-709), Determune the effect of pH and H2O? pretreatment on
separation performance Also a scalping pass with a paramagnetic matrix
at 2 0 Tesla was introduced Maximum field reduced to 2.0 T

Senes 3 (Run 710-713), Combine the scalping pass with a low field ferromagnetic
pass. Investigate the effect of an alternate surfactant and lower solids

fraction
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Table 3.1-1 HGMS Experiment Parameters .
Series | Run #| Magnetic | Uo? Surfactant pH | Sonicate | Matrix | p
Field (T) | (cms) ) S
1 | 701 | 0565 | 05 |02%Hexamet2| 10| vyes [NV ,'
1 702 | 05/65 | 05 none 8 | vyes Vi )
1 703 | 05/65 05 {005 % Hexamet| 8 ves \
1 704 | 0.5/65 | 025 {005 % Hexamet|{ 8 yes VI
1 705 | 0.5/65 10 |0.05 % Hexamet| 8 yes )
2 706 | 20p3/20| 05 | 02 % Hexamet | 8 yes VIVVI
2 707 | 2.0p/20 05 | 02 % Hexamet | 10 yes VIWVI
2 708 |2p/20/65] 05 | 02 % Hexamet | 12 yes VIV
2 709" | 2.0p/20 | 0.5 | 02 % Hexamet | 10 yes VIVI
3 710 |2p/05/65) 05 | 02 % Hexamet | 10 yes VIV VI
3 711 |2p/05/65) 05 | 02 % Hexamet | 10 yes VIIVIi
3 7124 |2p/05/65] 05 | 02 % Hexamet | 10| yes | VIVII
3 | 713 |2piosies| 05 gtf_f';‘;g‘r’ﬁ 10| ves |vwviui
1Superficial velocity
2Sodium Hexametaphosphate
Prsceatont o Best
Va,:;/ab/e
3.2 Experimental Design and Procedure Cbﬂ‘y

Experiments were run at the LANL plutonium facility (TA-55) in PF-4, Rm 128 InRm
128 the HGMS unit 1s mounted atop a vent hood

Residue samples were wet sieved <53um, slurmed to a specified solids content (typically
10 wt%), treated with surfactant, pH adjusted with sodium hydroxide and bulk somicated to
msure particle deagglomeration The sample was then further treated depending upon test
protocol to improve particle iberation.

The test protocol required nnsing of the ferromagnetic matrix with a solution of 1dentical
pH and surfactant concentration as the test slurry The pretreatment was followed by pass

1 of the test slurry Upon completion of pass 1, the matrix was rninsed at field and then
backflushed at zero field The magnetics were recovered prior to pass 2. The effluent from
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passes as desired

pass 1 was then used as the feed for pass 2 The process was repeated for additional
- p F /// ?

3.3 Equipment and Materials %
3.3.1 "K Magnetic Separator

The magnetic separator consists of a solonoidal, superconducting magnet with a room
temperature bore located outside the cryogenic space The superconducting magnet 1s
maintained at 4 2 K and can generate a magnetic field strength as hugh as 8 T withun the
warm bore A stainless steel tube, capped at one end, extends out the top of the hood and
fits 1nto the warm bore of the magnet The magnet 1s external to the hood but the high
magnetic field region can be accessed from within the hood wvia the blind tube

3.3.2 Test Canister~

The test canuster holds exther a ferromagnetic or paramagnetic matrix and provides flow
deceleration zones for the siurry and backflush Flex hoses are attached to each end of the
canuster permutting the canuster to be removed from the magnet bore without exposing the

slurry

3.3.3 Peristaltic Pump

Fluids were pumnped through the test camster with a penistaltic pump Because the pump
operates by pmching the flex tube with rotating rollers, cross contarmnation between the
vanious flow streams 1s mummzed The pump 1s easily cahibrated and the flow direction
can be reversed -

3.4 Sampling and Analysis

The treated slurry 1s pumped through the magnetic separator The emerging effluent 1s the
decontamunated stream, whereas, the matenal retained by the separator 1s the magnetic
fraction After processing the sample, the magnetically trapped matenal was rinsed from
the separator 1n a backflush operation outside the magnetic field. Feed slurry homogeneity
was maintained using a mxer at the pump nlet. Feed and multipass effluent samples were
analyzed for contaminant concentration Samples were taken 1n test series 1 (701-705) by
rmuxing the effluent and pouning a sample from the collection bottle Samples were taken in
test series 2 and 3 (706-709 and 710-713) by muxung the effluent in a squurt bottle and then
discharging the sample from the bottom fed discharge tube This procedure was an attempt
to homogenize the effluent before samplhing All samples were collected 1n tared glass
bottles then subsequently dried and weighed to provide data for a mass balance Dned
samples were analyzed for plutonium concentration using alpha spectroscopy by either
Controls for Environmental Pollution (CEP), Santa Fe, NM (701-709) or Lockheed
Analytical Services (LAS), Las Vegas, NV (710-713).

Pect Avalable Copy
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CEP and LAS both followed simular procedures for alpha spectroscopy Received samples
were quantitatively transferred to digestion beakers by acid rninsing of the sample bottles A
plutonium-242 tracer was added then the total sample was digested with mitric acid and
hydrofluonic acid LAS used microwave digestion A boric acid or perchlornic acid solution
was added to the so1l residue to convert the plutomum to a +4 valence state LAS
concentrated the plutonium by adding a fernc standard solution then ammomum hydroxide
to the digested solid sample to precipitate ferric hydroxide with the plutontum LAS then
collected and dissolved this solid with nitric acid The sample was then passed through an
anion exchange column, washed, and the plutonium eluted LAS proceeded with a Nd3+
microprecipatation of the plutommum and collection on a 0 2 mm membrane filter, CEP
proceeded with electroplating of the plutonium on stainless steel discs The filters or discs
were then counted by alpha spectroscopy

3.5 Data Management

Thus treatability study was conducted to evaluate the feasibility of using HGMS to address
RF sou remediation It was conducted 1n accordance with applicable LANL procedures
and practices governung the conduct of operations of the magnetic separation equipment
Procedures have been established that govern the conduct of HGMS expenments including
safe operating procedures, data handling and documentation

Expenment flowsheets were prepared and reviewed prior to all HGMS tests Using these
flowsheets, a test specification sheet was generated assigning experiment 1dentification
numbers and defining equipment settings for the proposed test Sample :dentification
labels were generated for all sample containers and sample locations were 1dentified on the
expenment flowsheet Samples were collected 1n labeled, tared sample bottles, for oven
drying and weighing All samples were maintained 1n their original, labeled sample
containers

|
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4.0 RESULTS AND DISCUSSION

4.1 DATA ANALYSIS AND INTERPRETATION

4.1.1 Analysis of Waste Stream Characteristics

As discussed 1n 3 1 activity levels of the treated matenal ranged from 100 to 144 pCyv/g
Particle sizes were less than 53 um More detailed mnformation on the generation of this
residue can be obtained from the LESAT Report citedmn 12 3

4.1.2 Treatability Study Objectives

The magnetic separation process has a number of vanables which influence the results
These are listed 1n table 4 1 2-1 where they are categonized according to matenal
charactenistics or separator charactenistics In general, the matenal charactenistics are
determined by the application, 1, , the type of soil, the contarminant and 1ts distribution, the
particle sizes and the physical properties Some matenal characteristics are controllable,
such as, surfactant type and concentration, and solids concentration However, the
separator parameters are where most of the process control exists These parameters are
controlled by the matrix design, the magnetic field charactenistics and the slurry flurd
mechanics It 1s necessary to select a set of operating parameters that are compatible with
the contaminated medium and that maximize the magnetic separation process

Table 4.1.2-1 HGMS Experiment Parameters

l Material Characteristics ! Eegarator Parameters ‘
Particle S1ize 05-50 um Matrix Element Size 5- 100 um

Impunty Concentration 0 4 - 2000 ppm Matnix Element Spacing 80 - 1200 um
Sohds Concentration 5 - 30 wt % Magnetic Field Strength 05-75T
Magnetic Susceptibility” (x106) 129 - 1478 Matrix Matenal 430 Stainless Steel
Surfactant Concentration 000-02 wt % Residence Time 10-80s
Slurry pH 4 - 12 Superficial Velocity 025-4 0 cm/s
¥ SILumts

In conducting the treatability study for the Rocky Flats soil residue three senes of tests
were conducted to cover the HGMS performance envelope. These tests, defined 1n 3 1,
were used to generate an HGMS performance map for RF residue as shown 1n fig 4 1 2-
1 Test senies 1 addressed the full field strength range of the magnetic separator while
using a ferromagnetic matrix These results showed the largest separation efficiencies

The mass fraction retained by the matnx increases nearly hinearly with increasing apphied
magnetic field reaching 0 3 at the 6 5 T pass In test series 2, a paramagnetic scalping pass
at 2 0 T was mtroduced 1n an attempt to reduce the magnetic fraction of the soil In this
series the second pass was done at 2 T using the ferromagnetic matnix. This senies also
investigated the effect of pH Test series 3 also started with the paramagnetic scalping pass
but pass 2 was executed at 0 5 T with the ferromagnetic matnix 1n an attempt to reduce the
mass fraction retained by the matrix This was followed by a third pass at 6 S T.
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Fig. 4.1.2-1. HGMS Performance Map for RF Soil Residue (CESAT) —0
Showing Mass Fraction Retained and Separation Efficiency.
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4.1.3 Treatability Study Results

Appendix A contains the flow diagrams and detailed data sheets for each run. There1s a
separate flow diagram for each test series showing the parameters for each run 1n the series
and the location and 1dentification of each sample taken The mass and activity for each
sample analyzed (1n bold) and certain derived values (plain text) are also included and
grouped by series The mass weighted specific activity, which 1s the product of the mass
fraction and the specific activity, 1s used to determune separation efficiency The separation
efficiency 1s calculated three ways using the mass weighted specific activity from either the
feed and backflush, the backflush and effluent or the feed and effluent If the mass and
activity balance error were both zero, all three methods would give the same resuit
However, because of difficulties with either incomplete flushing of the matrix or
mnhomogeneous sampling of the effluent, one of these methods 1s usually more appropnate
than the others

In test senies 1, the system activity balance ndicated that backflushing of the matnx to

remove the magnetic fraction was incomplete The incomplete backflush was later venified

by surrogate tests using the sarfte test protocol Therefore, separation efficiencies

calculated using feed and effluent concentrations are probably more accurate than if the

backflush concentrations were used Several procedural changes were implemented 1n test

series 2 and 3 1 an attempt to improve the activity balances for these later tests

Backflushing was improved by incorporating air sparging into the hquid flush By

mtroducing bubbles 1nto the flow stream, the scavenging of trapped material was mmproved

and most of the material was liberated In addition, effluents were sampled using bottom

taps installed on the sample bottles This modification 1n conjunction with the swirling

motion employed to maintain particle suspension, appears to have resulted in a

nonhomogeneous sampling of the effluent by preferentially collecting the heavier

components contaiming higher activity from the muxture Therefore, in test senies 2 and 3 ek
the feeds and backflushes had greater accuracy than the effluent samples,and efficiencies -~ - ="
for these runs were caiculated using the feed and backflush concentrations In general,

activity balances were mmproved 1n the latter experiments with errors being less than £20%

Table 4 1 3-1 1s a results summary of the HGMS expenments In’EPuded are the mass 2
fractions and activity fractions for each pass of each run L,_ e /"u o S er

4.1.3.1 Test Series 1 - de
The following observations were made from test series 1

a There 1s a high magnetic fraction in the soil residue  Even at B=0 5 T, the mass
fraction retained by the matnix 1s high

b High pH (>10) appears to aid dispersion and reduces matrix loading (see Run 701).

¢ Surfactant concentrations approaching 0 2 wt% may be necessary to nsure high
dispersion

d Low superficial velocities (<0 5 cm/s) that normally improve separation efficiency
result in unacceptably high mass \Eetennon n the matrix. (Run 704)
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e Run 705 at superficial velocity of 1 0 cm/s showed an unexpectedly high separation
effectiveness

f Actvity balance adversely affected by incomplete backflushing of the matrix

4.1.3.2 Test Series 2

The analysis for series 2 includes the addition of a "forward flush” which 1s a rinse of the
matrix at field to remove solids before the backflush Although assayed separately, 1t 1s
assumed to be part of the effluent stream when calculating effectiveness Several
modifications to the test procedure were mncorporated 1nto series 2 as follows

a Modify sampling of the feed to assure sample uniformty

\ b Backflush matrix with air sparge to improve material recovery

—
i d

¢ Install bottom taps on sample bottles to improve homogeneity in sampling
\
*d Adjust backflush solution to pH12

Results of test series 2 are as follows

a The scalping passes were successful in removing magnetic sou components and did
not include significant activity

b Pass 2 with the ferromagnetic matrix at 2 0 T resulted in significant mass retention
along with activity removal

¢ Organic destruction by peroxide pretreatment (Run 709) appears to enhance
Iiberation of the paramagnetic acimdes Compared with Run 707, more activity
was removed 1n the scalping pass after H2O7 pretreatment However, the effect 1s

not significant

4.1.3.3 Test Series 3

Recognizing that the separation results from series 1 at B=0.5 T were better than series 2
results at 2 0 T, senes 3 included a scalping pass at 2 0 T followed by a ferromagnetic pass
at05T Reduced sohds fraction was investigated to evaluate the effect of particie
interference In addition, the H2O7 pretreatment was repeated along with a run to evaluate
a second surfactant, sodium silicate  The procedural modifications used 1n series 2 were
continued for serles 3 (the effluent sampling problem was not discovered until after test
series 3 was completed)

Pact A lablo ony
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Results of test series 3 are as follows

a

The scalping pass again extracted approximately 10% of the soil without removing
appreciable activity

Mass fractions from the second pass (B=0 5 T) were hugher than observed 1n senes
1 Therefore, the scalping pass employed 1n this senies may not be desirable

Reduced solids fraction increased both separation efficiency and mass retention
with no net benefit

The H207 pretreatment was neffective in improving separation

The use of sodium silicate as a surfactant significantly increased separation
efficiency (from 0 22 to 0 48) with only a slight increase 1n mass retention (from
0 18 to 026) R0 e e

\ g

T
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Table 4.1.3-1 HGMS Results Summary

Series | Run #| Magnetic Surfactant pH Mass | Effectiveness

Field (T) Fraction per Pass

701 05/65 | 02 % Hexamet | 10 | .021/ 234 511/ 466

702 0.5/6 5 none .067/.203 307/ 371

704 | 05/65 [0.05 % Hexamet 130/.202 693/ 112

8

703 05/65 |005 % Hexamet| 8 071/.184 314/ 435
8
8

705 05/65 |0.05 % Hexamet 056/ 151 585/ 165

706 | 20p/2.0 | 02% Hexamet | 8 | 081/299 | .023/494

707 | 20p/20 | 02 % Hexamet | 10 | 091/228 031/ 209

708 |2p/20/65] 02 % Hexamet | 12 | 050/217 035/.200

709" | 20p/20 | 0.2 % Hexamet | 10 | 056/ 267 028/.409

710 |2p/05/6.5] 0.2 % Hexamet | 10 | .110/ 176 081/ 220

711 12p/05/6.5| 02 % Hexamet | 10 | 123/284 052/.317

712* 12p/05/6 5] 02 % Hexamet | 10 { 083/ 181 037/ 118

O)OJOJODNNNN—L—L—L-L-—LI

713 |2p/05/65]| 0.5% NapSi03 | 10| 111/264 078/ 481

* Pretreat with H202

Best Availzble Copy
lte



HGMS Soil Document Number RF/ER-94-0021 UN

Treatability Section 40,Rev O
Study Page 60of 6
4.2 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

QA/QC were maintained through data documentation as described 1n Section 3 5, Data
Management
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Appendix A: Acronym List

Be
CEP

PuOr
QA

RCRA

RFETS
TA

Berylhum

Controls for Environmental Pollution
centimeters

square centimeters

Department of Energy
Disentegrations per Minute

High Gradient Magnetic Separation
Peroxide

Kelvin

Lockheed Analyilca.l Services

Los Alamos National Laboratory

Lockheed Environmental Systems and Technology Co

Sodium Stilicate

Neodymuum

Operable Uit

Pico Cunes Per Gram

Plutomum Facility

Plutonium

Plutonium oxide

Quality Assurance

Quality Control

Resource Conservation and Recovery Act
Rocky Flats

Rocky Flats Plant

Rocky Flats Environmental Technology Site
Techmcal Area

1y



G

Uranium

Micrometers

A-2
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Appendix B: Data Sheets and Schematics

MAGNETIC SEPARATION TEST

Date- 2/10 & 17/94 Location-TA55/PF4/RM128

Separator-

Type Magnet Manufacturer Descriptor

HGMS 3" Cryomagnetics internal
Superconductor

Objective-Test Seres 1

Experimental Schematic-

=

@ @ om O

(1) Monostat D Series Varistatlic pump calibrated for tubing
with 4 layers of tape in tube tray and foam to center tubing
In tray

(2) Cyomagnetics 3" warm bore S/C magnetic separator

(3) Matnix

(4) Supply beaker

(5) Exit and sample beaker

(6) Nalgene tubing 1/8" ID

(7) Nalgene tubing 1/8" ID

(8) Magnet power supply

(9) Stirrer

B-1



. MAGNETIC SEPARATION TEST

RFP Soil LESAT Residue

Date 2/10/94 & 2/17/94
Carrier Fluis Surrogate
Description Description Particle Size
Di H20 LESAT Thickner Underflow <53u
Comments
Matrix Test Surf pH
(Matrix _#VI | 701 2% HEX | 10
702 0 8
703 05% HEX] 8
704 05% HEX| 8
705 05% HEX| 8
DATA
Displayed |Corrected {Magnet |Field Solds Flow
Test Pass |Flow Rate |Flow Rate |[Current |Strength |Conc Temp [Direction
# # {(ml/s) {ml/s) |(A) (Tesla) %) (C)
701 0 0 - - 0 0 10% 20 -
701 1 1 70 1 35 56 05 10% 20 D
701 2 2 70 1 35 56 6 5 10% 20 D
701 2b 2 400 75 0 0 10% 20 U
702 0 0 - - 0 0 10% 20 -
702 1 1 70 1735 56 05 10% 20 D
702 1b 1 400 75 0 0 10% 20 U
702 2 2 70 1 35 56 6 5 10% 20 D
702 2b 2 400 75 0] 0 10% 20 U
703 0 0 - - 0 0 10% 20 -
703 1 1 70 1 35 56 05 10% 20 D
703 1b 1 400 75 0 0 10% 20 U
703 2 2 70 1 35 56 6 5 10% 20 D
703 2b 2 400 75 0 0 10% 20 U
704 0 Q - - 0 0 10% 20 -
704 1 1 35 0 675 56 05 10% 20 D
704 1b 1 400 75 0 0 10% 20 U
704 2 2 35 0 675 56 6 5 10% 20 D
704 2b 2 400 75 0 0 10% 20 U
705 0 0 - - 0 0 10% 20 -
705 1 1 140 27 56 05 10% 20 D
705 1b 1 400 75 0 0 10% 20 U
705 2 2 140 27 56 6 5 10% 20 D
705 2b 2 400 75 0 0 10% 20 U
B-2
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Sample |Waeight| Mass Mass {Specific| Activity | Activity Mass Separation
Balance | Fraction| Activity Balance | Weighted | Efficiency” Using
Error Error | Specific
Activity
Q@) (%) (pCvg) (pC1) (%) (pCi/g) |feed | bk & | feed
&bk | effl | & effl

Run #701
feed 377 120 00} 4524 00
XXX.0 96 120 00} 1152 00
Pass 1 feed 281 1 000{ 120 00{ 3372 00 120 000
XXX.1 91 60| 546 00
XXX.1b g6 0 021 248| 148 80 5 295{0 04410 083 |0 511
Pass 1 eff 275 0 979 60| 165000 58 719
Pass 2 feed 18 4 1 000 60| 1104 00 60 000
XXX.2 72 41 8| 30096
XXX 2b 43 0 234| 11220| 482 46 26 221]0 224} 0 450 {0 466
Pass 2 eff 141 0766] 4180/ 58938 32 032
XXX 2e 7 41 8| 29260
Total 378 027 0.255 2922 82 -35 39 0 258{0 496 {0 739
Run #702
feed 40 99 50| 3980 00
XXX.0 56 - 99 50| 557 20
Pass 1 feed 34 4 1000f 99 50] 3422 80 99 500
XXX 1 502 739 37098
XXX.1b 23 0 067 189f 43470 12 637]0 127] 0 155 )0 307
Pass 1 eff 32 1 0 933 73 9] 2372 19 68 959
Pass 2 feed 27 08 1 000 73 91 2001 21 73 900
XXX 2 17 58 3 99 11
XXX.2b 55 0 203| 114 70 630 85 23 296(0 250{ 0 334 [0 371
Pass 2 eff 21 58 0797 58 30{ 1258 11 46 459
XXX.2e 8 58 30{ 466 40
Total 28 12] -2970| 0 270 2559 24 -3570 0 345| 0 437 |0 564
Run #703
feed 40 100§ 4000 00
XXX 0 61 100f 61000
Pass 1 feed 339 1 000 100| 3390 00 100 000
XXX 1 54 73 8] 398 52
XXX.1b 24 0071 175 42000 12 3890 1240 15310 314
Pass 1 eff 315 0 929 73 8| 2324 70 68 575
Pass 2 feed 26 1 1 000 73 8] 1926 18 73 800
XXX 2 24 5111 12264
XXX.2b 48 0 184] 144 30] 692 64 26 538{0 281] 0 389 |0 435
Pass 2 eff 213 0816 51 10f 1088 43 41 702
XXX.2e 65 51 10f 332.15
Total 27 6] -31 00} 0.255 2575 95| -35 60 0 370]| 0 4820 613

B-4
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Sample {Weight{ Mass Mass |Specific| Activity | Activity Mass Separation
Balance | Fraction | Activity Balance | Weighted | Efficiency* Using
Error Error | Specific
Activity
(9) (%) (pCv/g) (pC1) (%) {(pCi/g) |feed | bk & | feed
&bk | effl |&effl

Run #704
feed 40 140| 5600 00
XXX.0 53 140 742 00
Pass 1 feed 347 1 000 140| 4858 00 140 000
XXX 1 5 49 4] 247 00
XXX 1b 45 0130} 1247 56115 16 1710 116{0 273 |0 693
Pass 1 eff 302 0 870 49 4] 1491 88 42 994
Pass 2 feed 252 1 000 49 4] 1244 88 49 400
XXX 2 17 55 93 50
XXX.2b 51 0202 129 90] 662 49 26 289|0 18510 3750 112
Pass 2 eff 201 0 798| 5500 110550 43 869
XXX.2e 69 5500/ 37950
Total 28 51 -2875¢ 0.332 2685 64{ -52 04 0 279{ 0 546 {0 727
Run #705
feed 40 144] 5760 00
XXX 0 6 - 144] 864 00
Pass 1 feed 34 1 000 144] 4896 00 144 000
XXX.1 69 618 42642
XXX 1b 19 0056} 2332] 44308 13 032{0 090{ 0 183 |0 595
Pass 1 eff 321 0944 618 198378 58 346
Pass 2 feed 252 1 000 61 8{ 1557 36 61 800
XXX.2 32 60 79] 194 53
XXX 2b 38 0 151] 168 90| 641 82 25 469/0 184{ 0 3300 165
Pass 2 eff 21 4 0849 60 79| 1300 91 51 623
XXX.2e 69 60791 41945
Total 2871 -2825{ 0 207 2989 30{ -48 10 0 257| 0 453 |0 662

*(Mass Fraction *Specific Activity)mags
(Mass Fraction *Specific Activity)feed

Combined efficiencies are calculated using Etot = E1 + E2 - E1*E2
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MAGNETIC SEPARATION TEST

Date- 7/14/94

Location-TA55/PF4/RM128

Separator-

Type Magnet Manufacturer Descriptor

HGMS 3" Cryomagnetics Internal
Superconductor

Objective-Test Series 2

Experimental Schematic-

®

@

T ®

(1) Monostat D Series Vanistatlic pump cahbrated for tubing
with 4 layers of tape in tube tray and foam to center tubing

In tray

(2) Cyomagnetics 3" warm bore S/C magnetic separator

(3) Matnx

(4) Supply beaker

(5) Exit and sample beaker
(6) Nalgene tubing 1/8" ID
(7) Nalgene tubing 1/8" ID
(8) Magnet power supply
(9) Stirrer

B-6
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MAGNETIC SEPARATION TEST

RFP Soil LESAT Residue

Date 7/15/94
Carrier Fluit Surrogate
Description Description Particle Size
DI H20 LESAT Thickner Underflow <53u
Matrix Comments
pass 1 Matnx Vil Test IQH
pass 2 Matn VI 706{ 8
707} 10
708 12
709] 10
DATA
Displayed |Corrected [Magnet |Field Solids Flow
Test Pass |Flow Rate |Flow Rate |Current |Strength {Conc |[Temp |Direction
# # {ml/s) ml/s) {A) Tesla) (%) |(C)
706 0 0 - - 0 0 10% | 20 -
706 0 0 - - 0 0 10% | 20 -
706 1 1 70 1 35 16 9 2 10% { 20 D
706 1b 1 400 75 0 0 10% | 20 U
706 2 2 70 135 16 9 2 10% { 20 D
706 2b 2 400 75 0 0 10% 20 U
707 0 0 - - 0 0 10% | 20 -
707 1 1 70 1 35 16 9 2 10% | 20 D
707 1b 1 400 75 0 0 10% | 20 U
707 2 2 70 1 35 16 9 2 10% | 20 D
707 2b 2 400 75 0 0 10% | 20 U
708 0 0 - - 0 0 10% | 20 -
708 1 1 70 135 16 9 2 10% |} 20 D
708 1b 1 400 75 0 0 10% | 20 U
708 2 2 70 1 35 16 9 2 10% ] 20 D
708 2b 2 400 75 0 0 10% { 20 U
708 3 3 70 1 35 16 9 2 10% | 20 D
708 3b 3 400 75 0 0 10% | 20 U
709 0O 0 - - 0 0 10% | 20 -
709 1 1 70 1 35 16 9 2 10% | 20 D
709 1b 1 400 75 0 0 10% | 20 U
709 2 2 70 1 35 16 9 2 10% | 20 D
709 2b 2 400 75 0 0 10% | 20 U
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Sample Weight| Mass Mass |[Specifici Activity { Activity Mass Separation Efficiency”
Balance{ Fraction | Activity Balance| Weighted Using
Error Error | Specific
Activity
Q) (%) (pCvg) (PCY) (%) (pCvg) (feed &bk & effl |feed &
bk effl

Run #706
feed 50 68 3| 341500
XXX.0 18 46 68 3| 1260 82
Pass 1 feed 31 54 1 000 68 3{ 2154 18 68 300
XXX.1 7 24 80 4] 58210
XXX. 1 151 0 048 194 29 29 0929
XXX.1b 2 54 0 081 19 4 49 28 1 562{0 023 0 022 |-0 040
Pass 1 eff 27 49 0872 80 4] 221020 70 076
Pass 2 feed 20 25 1000, 804| 1628 10 80 400
XXX.2 531 118] 62658
XXX.21 0 66 0033 324 21 38 1 056
XXX.2b 6 05 0299} 120 00] 726 00 35 852]0 494} 0 310 |0 006
Pass 2 eff 13 54 0 669( 118 00| 1597 72 78 900
XXX 2e 12 118 00 1416 00
Total 53771 754 0.379 4711 45| 37 96 0 506( 0 324 -0 034
Run #707
feed 3875 94} 3642 50
XXX 0 8 16 94 767 04
Pass 1 feed 3059 1 000 94} 2875 46 94 000
XXX.1 556 99 1 55100
XXX.1¢ 156 0 051 17 26 52 0 867
XXX 1b 278 0 091 316 87 85 2872100311 0032 {0.086
Pass 1 eff 26 25 0858, 991| 260138 85 040
Pass 2 feed 20 69 1000 991] 205038 99 100
XXX.2 522 73 5| 38367
XXX.2f 117 0057 657 76 87 3715
XXX.2b 471 0228 9220f 43426 20 989|0 209| 0271 10432
Pass 2 eff 14 81 0716f 73 50{ 1088 54 52 612
XXX.2e 91 73 50| 66885
Total 3826{ -126f 0 319 2996 06( -17 75 0234] 0295 |0 481
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N Sample [|Weight] Mass | Mass |[Specific] Activity | Activity Mass Separation Efficiency”
Balance| Fraction | Activity Balance| Weighted Using
Error Error | Specific
Activity
((s)] (%) (pCV/g) (pCi) (%) (pCVg) |feed &|bk & effl |feed &
bk effl

Run #708
feed 3875 81| 313875
XXX.0 816 81] 660.96
Pass 1feed | 3059 1 000 81| 247779 81 000
XXX.1 6.83 328 224 02
XXX.1¢ 076 0025 352 2675 0 875
XXX.1b 153 0050} 571 87 36 2 856]0035§ 0084 {0615
Pass 1 eff 28 3 0925( 328 92824 30 345
Pass 2feed | 21 47 1000f 328 70422 32 800
XXX.2 4 96 94 2f 467 23
XXX.2f 062 0029] 932 57 78 2 691
XXX.2b 4 65 0217 76 10{ 35387 16 482/0 200{ 0 183 {-1 249
Pass 2 eff 16 2 0 755] 94 20| 1526 04 71078
Pass 3 feed 1124 1000 942| 1058 81 94 200
XXX 3 38 - 7370 28006
XXX.3f g9 0080 335 30 15 2 682
XXX.3b 316 0281] 8630 27271 24 262/0289| 0328 | 0472
Pass 3 eff 718 06390 7370[ 52917 47 079
XXX.3e 349 7370f 257 21
Total 38 86 0 28| 0.548 2718 11| -1340 0451 0497 | Q 542
Run #709
feed 50 96 1} 4805 00
XXX.0 125 96 1] 120125
Pass 1 feed 375 1000f 961 360375 96 100
XXX.1 9 49 859 81519
XXX 1f 23 0 061 201 46 23 1233
XXX.1b 211 0 056 48 4 102 12 27230028} 0034 [0 198
Pass 1 eff 33 09 0882] 859 284243 75 798
Pass 2 feed 236 1000 859] 2027 24 85 900
XXX.2 8 03 87 4} 70182
XXX.2f 119 0 050 50 59 50 2 521
XXX.2b 6 29 0 267} 152 00 956 08 40 512{0409| 0394 10276
Pass 2 eff 16 12 0 683] 87 40f 1408 89 59 699
Pass 3 feed 1124 1000 874 098238 87 4OOH
XXX.3 529 70 20} 37136
XXX.3f 129 0 115 2016] 2600 64 231 374
XXX.3b 364 0324 1800 65 52 5 829{0 073 0 021 {-2 098
Pass 3 eff 6 31 0561] 7020f 44296 39 409
XXX.3e 291 70 20} 204 28
Total 5504 1008{ 0.647 7124 00 48 26 0 468 0 427 {-0799
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*(Mass Fraction *Specific Activity)mags
(Mass Fraction *Specific Activity)feed

Combined efficiencies are calculated using* Etot=E1 + E2-E1*E2 or

Forward flushes (XXX Xf) are combined with effluent when calculating efficiencies

*Note for three passes efficiencies are calculated as follows
Etot = E1+E2+E3 - E1*E2 - E1*E3 - E2"E3 + E1"E2*E3

B-11



MAGNETIC SEPARATION TEST

Date- 9/15/94

Location-TA55/PF4/RM128

Separator-
[Type _ Magnet Manufacturer Descriptor
HGMS 3" Cryomagnetics internal
Superconductor

Objective-Test Series 3

Experimental Schematic-

@

®

@

T ®

(1) Monostat D Series Varistatlic pump calibrated for tubing
with 4 layers of tape in tube tray and foam to center tubing

(2)
(3)
(4)
(S)
(6)
(7)
(8)
(9)

In tray

Cyomagnetics 3" warm bore S/C magnetic separator

Matrix

Supply beaker

Exit and sample beaker
Nalgene tubing 1/8" ID
Nalgene tubing 1/8" ID
Magnet power supply
Stirrer




MAGNETIC SEPARATION TEST

RFP Soil LESAT Residue

*Date 9/15/94
Carrier Fluit Surrogate
Description Description Particle Size
Di H20 LESAT Thickner Underflow <53u
Comments
Matrix Test pH le Surf
pass 1 Matnx Vil 7101 10 01 ]2% hex
pass 2 Matrix VII 711l 10 | 0 05| 2% hex
712f 10 01 | 2% hex
713} 10 0 1 |Sodium
Silicate
DATA
Displayed [Corrected |[Magnet |Field Solids Flow
Test Pass |Flow Rate |Flow Rate [Current |Strength |[Conc |[Temp |Direction
# # {(ml/s) (ml/s) [{A) (Tesla) (%) J(C)
710 0 0 - - 0 0 5% 20 -
710 1 1 70 1 35 16 9 2 5% 20 D
710 {f 1 70 1 35 16 9 2 5% 20 D
710 1b 1 400 75 0 0 5% 20 U
710 2 2 70 35 38 05 5% 20 D
710 2f 2 70 1-35 38 05 5% 20 D
710 2b 2 400 75 0 0 5% 20 U
710 3 3 70 1 35 56 65 5% 20 D
710 3f 3 70 1 35 56 65 5% 20 D
710 3b 3 400 75 0 0 5% 20 U
711 0 0 - - 0 0 5% 20 -
711 1 1 70 35 16 9 2 5% 20 D
711 1§ 1 70 1 35 16 9 2 5% 20 D
711 1b 1 400 75 0 0 5% 20 U
711 2 2 70 1 35 38 05 5% 20 D
711 2f 2 70 1 35 38 05 5% 20 D
711 2b 2 400 75 0 0 5% 20 U
711 3 3 70 1 35 56 65 5% 20 D
711 3f 3 70 1 35 56 65 5% 20 D
711 3b 3 400 75 0 0 5% 20 U
712 0 0 - - 0 0 5% 20 -
712 1 1 70 1 35 16 9 2 5% 20 D
712 1t 1 70 1 35 16 9 2 5% 20 D
712 1b 1 400 75 0 0 5% 20 U
712 2 2 70 1 35 38 05 5% 20 D
712 2f 2 70 1 35 38 05 5% 20 D
712 2b 2 400 75 Q 0 5% 20 )
712 3 3 70 1 35 56 65 5% 20 D
712 3f 3 70 1 35 56 65 5% 20 D
712 3b 3 400 75 0 0 5% 20 U
B-13
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‘MAGNETIC SEPARATION TEST

Date 9/15/94

RFP Soil LESAT Residue

Carrier Flui Surrogate
Description Description Particle Size
DI H20 LESAT Thickner Underflow <53u
Comments
Matrix Test pH St Surf
pass 1 Matnx Vii 7101 10 01 | 2% hex
pass 2 Matrnx Vil 711l 10 [0 05| 2% hex
712} 10 01 | 2% hex
713] 10 0 1 |Sodium
Silicate
713 0 0 - - 0 5% 20 -
713 1 1 70 1 35 16 9 2 5% 20 D
713 1f 1 70 1 35 16 9 2 5% 20 D
713 1b 1 400 75 0 0 5% 20 U
713 2 2 70 1 35 38 05 5% 20 D
713 2f 2 70 1 35 38 05 5% 20 D
713 2b 2 400 75 0 0 5% 20 U
713 3 3 70 1 35 56 65 5% 20 D
713 3f 3 70 1735 56 6 5 5% 20 D
713 3b 3 400 75 0 0 5 % 20 U
B-14
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Sample {Weight] Mass | Mass |Specific| Activity | Activity Mass Separation
Balance | Fraction | Activity Balance | Weighted | Efficiency” Using
Error Error | Specific
Activity
(9) (%) (pCvg) (PCy (%) (pCVg) lfeed | bk & |feed &
&bk} effl effl
Run #710
feed 55 50 132 00 7326 00
XXX.0 11 40 132 00 1504 80
Pass 1feed | 44 10 1 000 132 00{ 5821 20 132 000
XXX.1 10 96 77 40{ 848 30
XXX.1t 4 60 0104 8960| 41216 8 346
XXX.1b 4 86 0110f 98 50{ 468 99 10 635{0 08110 132 0 469
Pass 1 eff 34 64 0785 77 40| 2681 14 60 797
Pass2feed | 23 68 1 000] 77 40} 1832 83 77 400
XXX.2 8 00 134 30| 1074 40
XXX.2f 208 0088} 9090| 189 07 7 984
XXX 2b 416 0176| 170 50f 709 28 29 953]0 220{0 219 -0 381
Pass 2 eff 17 44 0 736{ 134 30{ 2342 19 98 910
Pass3feed | 1124 1000] 134 30} 1509 53 134 300
XXX.3 260 130 50 339 30
XXX 3f 120 0107 7348 8818 7 845
XXX.3b 500 0 445| 153 60] 768 00 68 327j0 52910 5070 506
Pass 3 eff 5 04 0 448] 130 50 657 72 58 516
XXX.3e 0 00 130 50 0 00
Total 5486 -115 0 731 6402 48( -12 61 0 6620 666 0 637
Run #711
feed 27.75 99 98| 2774 45
XXX.0 6 66 99 98] 665 87
Pass 1feed | 21 09 1 000] 99 98| 2108 58 99 980
XXX.1 475 164 50f 781 38
XXX.1f 330 0156 9660 31878 15 115
XXX.1b 260 0123 4225} 10985 5 209{0 052{0 038{-0 336
Pass 1 eff 15 19 0720] 164 50} 2498 76 118 481
Pass2feed | 10 44 1 000{ 164 50} 1717 38 164 500
XXX.2 3 31 163 10| 539 86
XXX.2f 144 0138 6850, 9864 9 448
XXX.2b 297 0284} 120 40f{ 357 59 34 25210 3170 24810 370
Pass 2 eff 6 03 0 578] 163 10} 983.49 94.204
Pass 3feed | 1124 1 000 163 10| 1833 24 163 100
XXX.3 130 166 17] 216 02
XXX.3f 050 0 044] 51 91 25 96 2 309
XXX.3b 200 0178 96 70 193 40 17 206{0 167{0 116{ 0 194
Pass 3 eff 874 0778] 166 17} 1452 33 129 210
XXX.3e 000 166 17 000
Total 28 83 389 0.586 3307 34] 1921 0 46040 360 0 321
B-16



Sample |Weight| Mass Mass |Specific| Activity | Activity Mass Separation
Balance | Fraction | Activity Balance | Weighted | Efficiency* Using
Error Error | Specific
Activity
@ (%) (eCvg) | (PCH (%) (pCvg) |feed | bk & |feed &
&bk | effl effl

Run #712
feed 50 00 113 30| 5865 00
XXX.0 12 80 113 30| 1450 24
Pass 1feed | 37 20 1 000] 113 30] 421476 113 300
XXX.1 10 00 73 20] 73200
XXX 11 420 0113f 7170] 301 14 8 095
XXX.1b 310 00831 5027 15584 4 189|0 037{0 059{ 0 409
Pass 1 eff 29 90 0 804] 73 20) 2188 68 58 835
Pass2feed | 19 90 1 000f 73 20| 1456 68 73 200
XXX 2 6 90 133 20 919 08
XXX 2f 280 0141 86 70f 24276 12 199
XXX.2b 360 0181 77 95} 28062 14 1020 1180 121]-0 401
Pass 2 eff 13 50 0 678 133 20{ 1798 20 90 362
Pass3feed | 1124 1000| 133 20| 1497 17 133 200
XXX 3 230 186 70{ 429 41
XXX 3f 040 0036 66 41 26 56 2 363
XXX 3b 240 0214] 4869 11686 10 396{0 081]0 068-0 070
Pass 3 eff 8 44 0751 186,70] 1575 75 140 191
XXX.3e 0 00 186 70 000
Total 4850 -300| 0 478 4654 51 -17 84 0 220{0 22910 114
Run #713
feed 55 50 76 80] 4262 40
XXX.0 13 06 76 801 1043 01
Pass 1feed | 42 44 1 000| 76 80| 3259 39 76 800
XXX 1 10 40 115 20} 1198 08
XXX. 1t 500 0118 48 60f 243 00 5726
XXX 1b 470 0111] 5379 252 81 5 9570 0780 059 -0 232
Pass 1 eff 3274 0771} 115 20] 3771 65 88 870
Pass2feed | 22 34 1000| 115 20| 2573 57 115 200
XXX.2 6 92 89 00| 615 88
XXX.2f 345 0 154] 36 48] 12586 5 634
XXX.2b 590 0 264] 145 10| 856 09 38 321|0 481]0 400} 0 502
Pass 2 eff 12 99 0581 89 00f 1156.11 51.751
Pass 3feed | 11.24 1 000 89 00| 1000 36 89 000
XXX.3 140 62 15 87 01
XXX.3f 140 0125 3337 4672 4 156
XXX 3b 6 80 0 605] 128 55| 874 14 77 770{1 38410 7880 764
Pass 3 eff 304 0270 62.15] 188 94 16 809
XXX 3e 000 62 15 000
Total 59 03 6361 0 980 5302 60{ 24 40 1 18410 880 0 855
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*(Mass Fraction *Specific Activity)mags

(Mass Fraction *Specific Activity)feed
Combined efficiencies are calculated using* Etot=E1+ E2 - E1"E2
Forward flushes (XXX Xf) are combined with effluent when calculating efficiencies

*Note for three passes efficiencies are calculated as follows:
Etot = E1+E2+E3 - E1*"E2 - E1"E3 - E2"E3 + E1"E2"E3
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